Inter-individual variation in isoflavone absorption depends on gut microbial degradation and affects the efficacy of these compounds. We hypothesized that inter-individual variation in fecal isoflavone disappearance coincided with variation in bacterial species. In vitro anaerobic fecal disappearance of isoflavones was measured from 33 participants by HPLC. Fecal microbial 16S rRNA variable region PCR products were obtained from 4 participants with the greatest and least genistein or glycitein degradation and were subjected to denaturing gradient gel electrophoresis. DNA bands with a homology of 90-95% forsythensis for glycitein degradation, based on fecal isoflavone degradation in the presence of these species. Bacteroides acidifaciens increased isoflavone disappearance in anaerobic human fecal incubations under nutrient-rich and -depleted conditions, suggesting this species as one responsible for the generally high degradation of isoflavones by humans. These fecal microbes are candidate biomarkers for interindividual variation in isoflavone uptake and efficacy.
Introduction
Isoflavones are found in the human diet mainly in soy foods. Their chemical structure is estrogen-like (1) and may reduce risk of some forms of cancer and atherosclerosis (2, 3) . But the health effects of these compounds are controversial and no consensus on their efficacy has been reached. One reason for the varying efficacy of isoflavones may be the large interindividual variability in absorbability and metabolism. For example, in 39 Golden Syrian hamsters fed soy protein containing isoflavones for 4 wk, only the 11 hamsters that statistically clustered as high-isoflavone absorbers (as reflected in urinary excretion) had a significant lowering of plasma cholesterol by soy protein (4) . When expressed as ingested doses of isoflavones, urinary recovery, reflecting apparent absorption, ranged from ;5 to ;50%, whereas ,1% of ingested isoflavones were recovered in feces (5) . In bioavailability studies, the great proportion of isoflavones apparently disappearing has been linked to gut microbial degradation (6) (7) (8) . When isoflavones were incubated in vitro with feces, they disappeared almost completely within 48 h. Gut bacterial activity was identified as being responsible for this degradation, because it did not occur with autoclaved fecal material (9) . In addition, human fecal isoflavone degradation can be statistically sorted into high-, moderate-, or low-rate clusters (7) . Low degraders have greater apparent isoflavone absorption (urinary excretion), whereas high degraders have lower urinary excretion, especially when individuals also show a relatively rapid gut transit time (GTT) 4 . In other words, a more rapid GTT is associated with greater isoflavone absorption, implicated to be due to lesser gut microbial isoflavone degradation (7, 8) . To fully understand isoflavone bioavailability and the key role played by the gut microflora, the microbial species causing isoflavone disappearance must be identified. To study gut bacterial ecologies, tools have been developed based on PCR coupled with denaturing gradient gel electrophoresis (PCR-DGGE) (10) . The principle of PCR-DGGE is to multiply and separate the 16S rRNA gene variable region. Each 16SrRNA sequence constitutes a unique "signature" for each bacterial species. These DNA bands can be cut, reamplified, sequenced, and matched with existing microbial DNA databases.
Our hypotheses were that humans exhibiting similar in vitro fecal isoflavone degradation rates also possess similar fecal bacterial composition and that a simulated environment mimicking slow GTT would stimulate fecal isoflavone degradation, especially when isoflavone-degrading bacterial species were present. To that end, we screened human fecal samples, compared in vitro fecal isoflavone degradation rates with microbial DNA band patterns obtained after PCR-DGGE, sequenced bands, identified the corresponding species using a DNA sequence database, and tested the ability of these identified species to degrade isoflavones in vitro using relatively nutrientdepleted media mimicking slower GTT compared with nutrientrich media mimicking more rapid GTT.
Materials and Methods
Human studies. This project was approved by the Institutional Review Board of Iowa State University.
Thirty-three participants were recruited at Iowa State University and surrounding areas for this study. Eligibility criteria included age 18-40 y, no use of antibiotics in the past 3 mo, and no bowel diseases (e.g. colitis). Users of oral contraceptives and smokers were included. Participants were asked to avoid consumption of soy-containing foods 3 d before giving a fecal sample, which was collected by excluding air from the sample bag as much as possible.
Fecal incubation. One gram feces was added to 30 mL of sterile anaerobic brain heart infusion (BHI) media (Fisher) containing 4 g sodium bicarbonate/L and 20 mL 1.25% cysteine sulfide/L (Sigma-Aldrich) and daidzein, genistein, and glycitein at final concentrations of 10 mmol/L each. Isoflavones were synthesized according to Chang et al. (11) and Lang'at-Thoruwa et al. (12) . Duplicate tubes were incubated for each sample as well as a negative control (feces + BHI). Each tube was vortexed for 20 s. Tubes were placed at 378C and isoflavones were measured in duplicate samples from each tube at 0, 3, 6, 9, 12, and 24 h and were then stored at -608C until extraction and HPLC analysis. Incubation tubes were maintained anaerobically at all times.
Isoflavone extraction from fecal incubation samples and HPLC analysis. Isoflavone extraction from in vitro fecal incubations was conducted using a previous protocol (7) . HPLC analysis of the samples was done according to Zhang et al. (13) using a reversed-phase, 5-mm, C18 AM303 column (250 3 4.6 mm, YMC). Degradation rate constants were established by calculating the natural logarithm of the percentage of isoflavones remaining over time from replicate fecal samples at each time point for each participant, according to standard curves for each isoflavone, analyzed as above. Only isoflavone disappearance, not isoflavone metabolites, was investigated in this study; equol was not detectable. Recoveries of daidzein, genistein, and glycitein from autoclaved fecal incubation media were .90%.
Bacterial DNA extraction from fecal incubation. At time 0 of the fecal incubation, 2 samples for each individual were taken and immediately frozen at -608C. To extract DNA from fecal bacteria, a DNA extraction kit from Promega was modified for bacterial DNA extraction. The 500 mL of fecal incubation mixtures was mixed with 500 mL of 50 mmol/L EDTA. Sixty microliters of lysozyme (SigmaAldrich), 35 mL lysostaphin (Sigma-Aldrich), and 60 mL cell lysis solution (Promega) were added and incubated at 378C for 1 h. Samples were further prepared according to the kit instructions. DNA concentration and purity were measured using a Beckman DU 640 spectrophotometer (Beckman) at 260-and 280-nm wavelengths.
Bacterial 16S rDNA amplification. Bacterial DNA was amplified using touchdown PCR. Primers were synthesized to target the constant region of 1 variable region of the rRNA gene. Three primers were used for PCR: 1 forward (39GGTCGTCGGCGCCATTA59), 1 reverse (39GACGACG-GAGGGCATCC59), and 1 reverse with a GC clamp (39GACGACGGA-GGGCATCCGGGGGGCACGGGGGCGGGGCGGGCGGCGCGCG-CCGCCCGC59). Primers were synthesized by Sigma Genosis. Each PCR mixture contained (final concentration): 1 mL each primer (1 pmol/L), 1 mL dNTP mixture (50 pmol/L each dNTP), 5 mL of nuclease-free PCR buffer (500 mmol/L KCl, 100 mmol/L Tris-HCl, pH 9.0, 1.0% Triton X-100, and 15 mmol/L MgCl 2 ), 28 mL water, and target DNA (8 ng in 1 mL PCR mixture). PCR components were obtained as a kit from Promega. After the first step of the PCR program (4 min 948C), 1 mL nuclease-free PCR buffer, 0.5 mL water, and 0.5 mL Taq polymerase at 5 units in 1 mL were added. The PCR program was: 4 min 948C, 20 cycles with touchdown: 1 min 948C, 1 min 658C (decrease 18C every other cycle), 3 min 728C; 10 regular cycles: 1 min 948C, 1 min 558C, 3 min 728C; 7 min 728C; cool down at 48C. PCR products obtained were ;200 base pair (bp), checked using a 0.1% agarose gel with ethidium bromide. DNA was visualized using a UV lamp and its weight compared with a mixture of 50-, 150-, 300-, 500-, 750-, and 1000-bp DNA fragments (Sigma-Aldrich). The DNA concentration was measured as above.
Denaturing gradient gel electrophoresis. Urea denaturing solutions (100%; 42 g urea, 16.9 mL acrylamide, 2 mL 503 Tris acetate EDTA, 40% formamide in 100 mL distilled deionized (dd) water) and 0% (16.9 mL acrylamide, 2 mL 503 Tris acetate EDTA made to 100 mL with dd water) were prepared. For optimum separation of the bacterial 16S rRNA DNA sequence mixtures, 2 acrylamide gradients were used: 32.5-45% urea and 35-50% urea. Gels were poured with a Hoefer SG 50 gradient former (Amersham Biosciences) within 3 min and a 16-well comb inserted. Samples were normalized by loading in each well 2000 ng DNA PCR product samples previously mixed with 6 mL DGGE loading dye. DGGE was performed with a D-Code universal mutation detection system from Bio-Rad. The gel was then run at 160 V for 3.5 h and cooled for 20 min before removal. The gel was silver stained by washing 3 3 1 min with dd water, adding 200 mg AgNO 3 in 200 mL water for 15 min, washing 2 3 1 min with dd water, adding 200 mL water containing 20 mg NaBH 4 , 0.8 mL 37% formaldehyde, and 3 g NaOH for 20 min, and washing 4 3 1 min with dd water. A gel image was obtained using a GS-800 calibrated imaging densitometer (Bio-Rad) and analyzed using Quantity One software. The bands of interest were excised and DNA eluted following a protocol from Rieman and Winding (14) .
DNA amplification from acrylamide gels, sequencing, and identification of the micro-organisms from 16s rDNA sequence. Eluted DNA bands were reamplified using target DNA in 15 mL TE, 5 pmol/L of each primer (forward and reverse without GC clamp; see above), 20 pmol/L each dNTP, and 15 mmol/L MgCl (45 mL total reaction volume). After 4 min at 948C, TAQ mixture was added as described before. After PCR, the samples were checked for length of the products (200 bp, using a standard DNA ladder as above) and purified and quantified as described above. For sequencing, PCR sample concentrations were 50 mg/L and the primer with the lowest melting temperature or % GC was at 10 pmol/L. Sequencing was performed by the Iowa State University DNA sequencing facility. The final sequence was matched to a library of 16S rRNA gene sequences using Basic Local Alignment Search Tool. One hundred possible matches were provided for each sequence and the possible matches that corresponded to known microorganisms were considered as possible species that degraded isoflavones (10, 14) . 
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Tannerella forsythensis (ATCC 43037), Ruminococcus obeum (ATCC 29174), Clostridium orbiscindens (ATCC 49531), Eubacterium ramulus (ATCC 29099), Faecalibacterium prausnitzii (ATCC 27766), and Porphyromonas gingivalis (ATCC 33277). Bacteroides acidifaciens (DSM 15896) was purchased from the German Collection of Microorganisms and Cell Culture. To revive the freeze-dried cultures, medium was prepared according to ATCC protocol, containing (L 21 ): 50 g BHI powder, 30 g peptone, 25 mL 1 mol/L NaOH, 5 g yeast extract, 5 g glucose, 1 g starch, 1 g cellobiose, 1 g maltose, 10 mL hemin solution (0.5 g hemin/L dd water), 200 mL phylloquinone solution (0.5 mL phylloquinone solution/L 95% ethanol), 20 mL cysteine sulfide (10 g cysteine HCl and 10 g sodium sulfide/L dd water, pH = 10.0), 1 mL 0.1% resazurin, and 100 mL/L of sterile bovine rumen fluid (obtained from Dr. Mark Rasmussen, National Animal Disease Center, Ames, IA). The medium was anaerobic and flushed with 80% N 2 -20% CO 2 , then tightly closed and sterilized in 20-mL aliquots. Freeze-dried microbial cultures were anaerobically and aseptically transferred into medium and shaken for 24-48 h at 378C at 140 rpm. Once grown, the bacteria were transferred into sterile 1.5-mL centrifuge tubes, centrifuged at 14,000 3 g for 2 min to pellet the cells, the supernatant removed, and the bacteria frozen at 248 then 2608C until use.
Fecal incubation with selected micro-organisms in nutrient-rich or -depleted media. Each tested bacterial strain was separately incubated in the above medium containing 10 mmol of each isoflavone/L, at 10 12 cells/L, and isoflavone degradation rate assayed from HPLC analysis of isoflavone concentrations over time, as above.
To perform fecal incubation with or without selected microorganisms, we selected 2 different media: nutrient rich and nutrient depleted. The nutrient-rich media was as described above, simulating more rapid GTT. To create a nutrient-depleted environment, 1 g of fresh human fecal sample was incubated overnight in 30 mL of BHI media (similar to the one used for screening fecal isoflavone degradation), simulating slower GTT.
Each individual culture of putative isoflavone-degrading microorganisms was grown as described above and 2.5 mL was transferred into duplicate tubes mimicking nutrient-rich or -depleted environments. A 6-h adaptation of the microorganism to either environment was allowed before adding isoflavones (10 mmol/L).
Two separate sets of incubations using nutrient-rich and -depleted media were performed to screen the putative isoflavone-degrading microorganisms. Fecal samples from 3 individuals were used for each set of incubations. The first set of microbial culture isoflavone degradation studies included fecal samples from a Caucasian male (26 y of age), an Asian female (24 y), and an Indian male (18 y), all moderate-or low-daidzein degraders. Treatments included: P. oralis, P pallens, P. ruminicola, B. eggerthii, B. fragilis, a mixture of Prevotella (ruminicola, oralis, pallens, and veroralis), a mixture of Bacteroides (e.g. gerthii, thetaitaomicron, fragilis, and vulgatus), and a mixture of Bacteroidales (all 4 Prevotella and Bacteroides together + P. gingivalis).
The second set of microbial culture isoflavone degradation studies included fecal samples from a Caucasian male (same participant as in the first set of incubations), an African-American female (26 y of age), and an Asian female (30 y), also moderate daidzein degraders. Species investigated were Bacteroides ovatus, Bacteroides acidifaciens, P. gingivalis, Ruminococcus obeum, Eubacterium ramulus, Clostridium orbiscindens, Fusobacterium prausnitzii, and Tannerella forsythensis. Prevotella veroralis, Bacteroides thetaitaomicron, Bacteroides uniformis, and Bacteroides vulgates were incubated only under nutrient-depleted conditions.
All isoflavone degradation rate results were expressed as a percentage of control response (feces and isoflavones with no added bacterial strains). Cell concentration after overnight growth varied from 0.6 3 10 12 cells/L media for T. forsythensis to 1.2 3 10 12 cells/L media for B. vulgatus. Normalization expressing results as a percentage was done because control degradation rate differed among incubation sets, individuals, and isoflavones, facilitating comparison among treatments.
Statistical analysis. All statistical analyses were performed using SAS (SAS Institute, version 6.12; 1998). Ranking and clustering of the participants screened for their ability to degrade isoflavones was done using a clustering command in SAS. DGGE band intensity was compared (Table 3) were done by t tests, with each incubation mixture compared with control degradation rates and significance at P , 0.05. All results are expressed as means 6 SD.
Results
DGGE of fecal microbial DNA in high-vs. low-isoflavone degraders. Thirty-three participants were screened for in vitro fecal isoflavone degradation rate (20 men, 13 women; mean age, 25.6 6 4.4 y). For each isoflavone screened, individuals were ranked from the lowest to the highest degradation rate regardless of sex or ethnicity.
Fecal samples from participants with the 4 highest and lowest in vitro fecal isoflavone degradation rates were selected for DGGE analysis. In vitro fecal degradation rates for low vs. high degraders were 0.05 6 0.03 vs. 0.30 6 0.10 h 21 (P = 0.002) for daidzein, 0.08 6 0.03 vs. 0.57 6 0.30 h 21 (P = 0.017) for glycitein, and 0.15 6 0.03 vs. 1.47 6 0.14 h 21 (P , 0.0001) for genistein.
Comparison of gut microbial profiles associated with genistein degradation showed 5 bands of greater intensity in high-genistein degraders (Gen 1 to Gen 5) compared with low-genistein degraders ( Table 1) . DGGE/densitometric semiquantitative analysis of fecal microbial profiles associated with glycitein degradation also showed 5 bands of greater intensity in high degraders compared with low degraders (Gly 1 to Gly 5; Table 1 ). However, daidzein high degraders did not show any bands of significantly greater intensity compared with low-daidzein degraders.
DNA sequencing and identification of putative isoflavone degrading microbes from bands of interest. DNA sequencing and matching of the sequences using BLAST gave for each band 100 possible matches to known and unknown bacteria. The best match from BLAST that corresponded to a human fecal bacterial species was reported, insofar as possible (Table 1; sequence data shown in Supplemental Table 1 ). For 1 band, Gen 1, there was no close match associated with a known human fecal microbial species; Gen 1 matched with various Proteobacteria, including Candidatus Liberibacter solanacearum, and other plant-associated species. Otherwise, the major bacteria possibly related to DNA bands sequenced from high degraders of genistein or glycitein were in the Bacteroides, Clostridium, Coprococcus, Faecalibacterium, Prevotella, Ruminococcus, and Tannerella genera. Based on BLAST analysis, several known strains inhabiting the human gut from most of these major families were selected. Two strains from published literature describing isoflavone or flavonoid degradation were also considered: Eubacterium ramulus (15) and Clostridium orbiscindens (16).
Effects of nutrient-depleted or -rich media on efficacy of putative isoflavone-degrading microbial species. None of the putative isoflavone-degrading bacterial strains showed significant ability to degrade isoflavones as pure strains (data not shown). For the controls for each isoflavone and each condition of medium, there were no significant differences between the first and second set of incubations, although the glycitein degradation rate was marginally greater in the second set vs. the first set of nutrient-rich incubations (P = 0.053; Table 2 ). When comparing control degradation rates between nutrient-depleted and -rich conditions for each set of incubations, only glycitein disappearance was greater for nutrient-depleted media compared with nutrient-rich media and only in the first set of incubations (P = 0.01). In the second set of incubations, genistein disappearance was marginally greater in nutrient-rich media compared with nutrient-depleted media (P = 0.055; Table 2 ). Because control data varied between not only isoflavones but also incubation sets, due to interindividual variability, all control isoflavone degradation rate constants were set at 100% and values for experimental treatments were expressed as percentage variation over control response.
In nutrient-depleted media, mixtures of bacteria of genera Bacteroides or Prevotella or order Bacteroidales did not increase isoflavone degradation rates compared with control incubations. The daidzein disappearance rate was increased (P , 0.05) by the presence of P. pallens, P. oralis, P. ruminicola, B. acidifaciens, B. uniformis, B. vulgatus, E. ramulus, C. orbiscindens, F. prausnitzii, and T. forsythensis (Table 3) . Glycitein disappearance was significantly increased in the presence of P. oralis, B. eggerthii, P. veroralis, B. ovatus, B. acidifaciens, B. uniformis, C. orbiscindens, and T. forsythensis (Table 3) . Genistein disappearance was significantly increased by the presence of P. pallens, P. oralis, B. eggerthii, B. fragilis, B. ovatus, B. acidifaciens B. uniformis E. ramulus, and T. forsythensis (Table 3) .
Overall, the data obtained from the second set of nutrientdepleted incubations produced a greater range of mean percentage increases in isoflavone degradation rates compared with the first set of incubations (Table 3 ). Some bacterial strains had no effect, whereas others gave a mean increase in isoflavone disappearance of ;800% when added to fecal suspensions. For example, adding B. acidifaciens to nutrient-depleted media produced 6-to 8-fold increases over control response for all isoflavones (P , 0.05). Other strains that increased the disappearance of all 3 isoflavones included B. uniformis and T. forsythensis. Several other strains did not increase isoflavone disappearance as much as B. acidifaciens, but due to small SD, the increase compared with the control response was significant (Table 3) .
In nutrient-rich media containing human feces, a mixture of Prevotella ruminicola, oralis, pallens, and veroralis significantly increased disappearance of daidzein in contrast to the lack of effect on isoflavone degradation by this mixture of Prevotella spp. in nutrient-depleted media. B. acidifaciens and C. orbiscindens also produced significant increases in daidzein disappearance compared with control, as both species also did in nutrientdepleted media (Table 3) . Glycitein degradation was increased by B. ovatus, B. acidifaciens, E. ramulus, and T. forsythensis added to the fecal background. The decrease in glycitein degradation by B. eggerthii under nutrient-rich conditions contrasted with increased glycitein degradation by this species under nutrientdepleted conditions. Genistein disappearance was increased when P. pallens, B. ovatus, B. acidifaciens, E. ramulus, C. orbiscindens, and T. forsythensis were added to the fecal suspensions (Table 3) .
More bacterial strains caused isoflavone disappearance in a nutrient-depleted environment compared with a nutrient-rich environment. B. acidifaciens, T. forsythensis, and to some extent C. orbiscindens, B. ovatus, and E. ramulus significantly increased the overall disappearance of isoflavones regardless of the presumed nutrient richness of the background medium.
Discussion
This study was the first, to our knowledge, to identify fecal microbes putatively responsible for isoflavone degradation by molecular genetic techniques, which may yield new screening tools for human clinical trials of the health effects of isoflavones, because human isoflavone bioavailability depends on gut microbial action. Isoflavone bioavailability corresponded generally to anaerobic fecal degradation rate in a crossover trial in 10 participants ingesting soy milk (genistein, daidzein) (17) . This finding has been given stronger mechanistic basis by the present findings. Certain microbial 16S rDNA sequences present in high-fecal isoflavone degraders were present with lesser intensity in low degraders. Our previous work has confirmed the general ability of human fecal isoflavone degradation rate to predict apparent absorption of these compounds (8) . The genetic identification of specific human fecal microbial sequences associated with isoflavone degradation is likely to further facilitate understanding the health effects of these compounds.
Microbial profiles after analysis of DGGE showed great complexity and important interindividual variability. This confirmed previous findings of great interindividual variability in gut microbial composition (18) . In the present case, several bands of greater intensity found in feces of high-genistein and -glycitein degraders compared with low degraders supported our hypothesis that high-isoflavone degraders shared bands of greater intensity (Table 1) . No bacterial DNA bands were associated with differences in daidzein degradation, most likely because the overall degradation rate constant was less for daidzein than for the other isoflavones; the difference between degradation rate constants of high and low degraders was also less for daidzein (6.0-fold) than for glycitein (7.1-fold) and genistein (9.8-fold; see "Results").
From microbial DNA database analysis, we selected for each DGGE band the match that gave the greatest number of hits to the DNA sequence extracted and amplified after DGGE and that corresponded to culturable microorganisms known to be present in the human gut. Some bands gave multiple close matches, which were generally from the same genus and were very close phylogenetically. Based on DNA species comparisons derived from high vs. low degraders of genistein and glycitein, greater isoflavone degradation may be related to greater fecal contents of Bacteroides species in particular (Table 1) , as well as Prevotella and some Clostridia (data not shown). Prevotella and Bacteroides may account for up to 95% of the total gut bacterial population in humans (18) . It may seem improbable that 1 band from high degraders of genistein (Gen 1) matched closely to Proteobacteria, but species of this phylum may be found, if rarely (0.1% of total species) in human feces (19) .
To simulate isoflavone-degrading conditions in the gut, relative extremes of rich vs. depleted nutrient availability to gut bacteria were mimicked, as may occur in individuals with rapid vs. slow GTT, and shown to significantly affect apparent absorption of genistein (7) . Chinese American women with low in vitro fecal genistein degradation had more rapid GTT and greater genistein urinary excretion compared with Chinese American women with rapid in vitro fecal genistein degradation (GTT was 40 6 8 vs. 63 6 5 h and genistein urinary excretion was 11.0 6 2.7 vs. 4.0 6 1.7% of ingested dose). This was not observed in the Caucasian female participants, probably because Caucasians who were low-genistein degraders had slower GTT than did Asian participants. Nutrient-depleted media (mimicking slow GTT) was proposed to permit greater fecal isoflavone degradation rates and bacterial strains of interest added to a fecal matrix in nutrient-depleted media were proposed to accelerate isoflavone degradation rates, whereas nutrient-rich media (mimicking rapid GTT) was expected to produce lesser isoflavone degradation rates and much smaller effects when bacterial strains of interests were added to the fecal suspension. This was generally true (Table 3) . The large SD within treatment for fecal isoflavone degradation rates may have been due to great interindividual variation among the 3 participants in fecal microbial species. This variability would be consistent with the great variation in urinary (up to 100-fold difference), plasma, and fecal isoflavone contents among humans fed these compounds (5, 7, 9) .
Overall, there was little relationship between the presence of a specific bacterial strain and degradation of a specific isoflavone. Most bacterial species tested degraded 2-3 isoflavones. P. pallens degraded only genistein under nutrient-rich conditions (Table 3 ), but this bacterial species degraded both daidzein and genistein under nutrient-depleted conditions (Table  3) . Identifying E. ramulus as one of the key species in influencing isoflavone degradation agreed with Schoefer et al. (15) . But in our hands, E. ramulus did not degrade isoflavones as a pure strain. C. orbiscindens, shown to degrade the flavonoid quercetin (16), was also identified as isoflavone degrading (Table 3) , although this microbe as a pure culture did not degrade daidzein or genistein (16), but our study used different media conditions.
In the first set of incubations, mixtures of 4 strains within 2 bacterial genera, Prevotella and Bacteroides, and 1 order, Bacteroidales, did not generally degrade isoflavones. This was consistent with the findings that only 1 Prevotella species (P. oralis) degraded all 3 isoflavones and only in nutrient-depleted conditions (Table 3 ) and that only 1 of the Bacteroides chosen for the mixed culture was a strong isoflavone degrader and only in nutrient-depleted conditions (B. eggerthii). The mixed culture of Bacteroidales was mostly composed of species that did not individually degrade isoflavones within the fecal incubations (Table 3 ). This suggests that transcriptomic differences across species within a genus might be useful in identifying genes related to isoflavone degradation.
B. acidifaciens (second set of incubations) (Table 3 ) is a prominent candidate accounting for human gut isoflavone degradation in general. Other species that degraded at least 2 isoflavones across media conditions should also be considered as candidates for generally limiting human isoflavone bioavailability: B. ovatus, E. ramulus, C. orbiscindens, and T. forsythensis. P. oralis, B. uniformis, T. forsythensis, and P. ruminicola may be prominent actors in limiting isoflavone bioavailability in humans with slower GTT because of their strong activity in nutrient-depleted media (Table 3 ). The effect of B. eggerthii to suppress glycitein degradation in nutrient-rich conditions suggests a limited potential for enhancement of isoflavone bioavailability under certain gut environmental conditions (Table 3) .
Few bacterial species enhanced isoflavone degradation only under nutrient-rich conditions, including modest effects of the mixture of Prevotella spp., E. ramulus, and C. orbiscindens, all of which were related to tight SD around those means compared with other data (Table 3) . Thus, our results may explain in part why individuals with rapid GTT have greater isoflavone uptake. 1 Values are means 6 SD, n = 3 participants/incubation set. Within a column, means with superscripts without a common letter differ, P , 0.05. 2 For nutrient-depleted incubations, BHI and fecal samples were incubated 18 h before isoflavones were added. For nutrient-rich incubations, BHI enriched with sterile rumen fluid was mixed with feces 6 h before isoflavones were added.
